Upregulation of heat shock protein expression by proteasome inhibition: an antiapoptotic mechanism in the lens.
Studies have shown that proteasome inhibition protects lens epithelial cells (LECs) against interferon (IFN)-gamma-induced apoptosis. The present study was conducted to test the hypothesis that proteasome inhibition can protect lens cells against apoptosis by upregulating heat shock protein (HSP) expression. Murine lens epithelial alphaTN4-1 cells were treated with combinations of 100 U/mL IFN-gamma, 10 muM MG132 (proteasome inhibitor), and 100 muM quercetin (HSP inhibitor). mRNA and protein expression were observed by RT-PCR and Western blot analysis, respectively. Caspase activities were measured by using cleavage of colorimetric substrate. Apoptosis was measured by phase-contrast microscopy and flow cytometry. At the mRNA level, the proteasome inhibitor, MG132, caused a >10-fold increase in HSP27 and a small increase (1.2- to 1.6-fold) in alphaB-crystallin but no change in HSP70 or -90. At the protein level, a more than twofold increase in HSP27 and -90, a marked increase in HSP70, but no significant change in alphaB-crystallin, was observed. Downregulation of alphaA-crystallin by MG132 was observed at both the mRNA and protein levels. MG132 caused no significant change in heat shock factor (HSF)-1, but a more than twofold increase in HSF2 and -4 protein expression. MG132 prevented the IFN-gamma-induced increase in caspase-1, -6, and -8 activities. Quercetin decreased MG132-induced expression of HSP27, -70, and -90 by more than 70%, and heat shock factors HSF2 and -4 by more than 65%. Quercetin pretreatment significantly reversed the decrease in caspase-1, -6, and -8 activities and the antiapoptotic effect of MG132 on IFN-gamma-treated LECs. The antiapoptotic effect of proteasome inhibition of IFN-gamma-induced apoptosis in LECs correlates with increased expression of HSPs and inhibition of caspase activities. Inhibition of HSP expression restores caspase activities and abolishes the antiapoptotic effect of proteasome inhibition, implicating HSPs as mediators of the protective effect of proteasome inhibition.